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We investigated the impact of two consecutive training sessions on spirometric and anthropometric
parameters in 23 older healthy women. Spirometric and anthropometric measurements were taken
before the program, after a short high-intensity training program, and again after 12-week regular mild-
intensity exercises. We found signiﬁcant differences between vital capacity (VC)% at baseline versus after
2 weeks. The 12-week values were better than at baseline, but lower than those that had been achieved
after the intensive training. There were no changes in other respiratory parameters. However, chest
expansion was signiﬁcantly improved after 12 weeks. Intensive physical exercise training was conﬁrmed
to be beneﬁcial for older women, possibly slowing down the deterioration of some spirometric pa-
rameters [VC%, forced expiratory volume in 1 second (FEV1)%, obstruction] sustaining improved quality
of life.
Copyright © 2015, Taiwan Society of Geriatric Emergency & Critical Care Medicine. Published by Elsevier
Taiwan LLC. All rights reserved.1. Introduction
The respiratory system is strongly affected by the normal aging
process, although the physiological changes in pulmonary function
found in older adults e in the lungs, rib cage, respiratory muscles,
and respiratory driveemay vary in intensity1. Little research has so
far addressed the impact of physical exercise on chest motion and
spirometric parameters in older women. The aim of our study was
therefore to assess changes in spirometric and anthropometric
parameters in healthy women >60 years old, after two consecutive
training programs.
2. Methods
2.1. Participants
Twenty-three healthy women aged > 60 years old (Table 1)
volunteered to participate in the study and completed the wholere that they have no conﬂicts
Jozef Piłsudski University of
n, Marymoncka Street 34, 00-
(K. Kaczmarczyk).
tric Emergency & Critical Care Metraining cycle. All were students at the University of the Third Age
in Warsaw, Poland and all underwent a medical screening proce-
dure. None had been involved in a regular exercise program before
the study. Written informed consent was obtained from all par-
ticipants. The study was approved by the Institute's Research Ethics
Commission.2.2. Training
A two-phase aerobic training program was conducted in our
indoor exercise facility and supervised by exercise physiology
technicians and ﬁtness instructors. In the ﬁrst phase, all partici-
pants participated in a 2-week training program, four sessions/d,
each lasting 45e60 minutes. These involved balance, coordination,
and ﬂexibility exercises, which were progressively made more
difﬁcult (more repetitions, more challenging execution), plus
endurance-building exercises using treadmills and stationary bi-
cycles. The intensity of the training was initially set at the level that
elicited approximately60% of maximal heart rate (HRmax ¼ 220 e
age in years) and participants exercised at this intensity for 15
minutes. The duration and the intensity were progressively
increased to 30 minutes and 70% of maximal HR. The participants
also took part in Nordic walking and aqua aerobic classes. In the
second phase, all participants continued the same exercisedicine. Published by Elsevier Taiwan LLC. All rights reserved.
Table 1
Group characteristics.
Age (y) Height (cm) Body mass (kg) BMI
Women (n ¼ 23) 65 ± 4.6 (60e78) 159.2 ± 5.3 (150e170) 68.2 ± 11.5 (52e88) 26.8 ± 4.1 (21.1e35.6)
BMI ¼ body mass index.
K. Kaczmarczyk et al.124program, albeit less frequently: twice/wk (45e60 minutes) for 3
months.
2.3. Data recording and analysis
Participants were given a spirometric test (Lungtest 500) three
times: once before the program, once after the 2-week, high-
intensity training, and again after 3 months of mild-intensity ex-
ercise, registering vital capacity (VC), forced VC (FVC), forced
expiratory volume in one second (FEV1), and the FEV1/VC ratio.
Anthropometric parameters of the chest, after a deep inhalation
and exhalation, were alsomeasured for each individual on the same
three occasions.
2.4. Statistical analysis
Data (analyzed with STATISTICA version10, PL.iso) are expressed
as mean ± standard deviation. The distribution was tested by the
Shapiro-Wilk method. ANOVA/MANOVA was performed on the
three repeated measurements. In addition, the post hoc Bonferroni
test was used to specify the differences between measurements.
Correlation was tested by Pearson's method. Statistical signiﬁcance
was set at p  0.05.
3. Results
Spirometric results are shown in Table 2. The baseline mean
values of all spirometric parameters were above 100% of estab-
lished norms, while mean chest movement (3.92 ± 1.87) was found
to be slightly below the established norm (1.00e9.00). Respiratory
impairments in the studied group were evaluated using the Muller
diagram (Fig. 1). In line with the recommendations of the European
Respiratory Society and Falaschetti et al2, a norm of 80% was
adopted for VC, and 70% for FEV1/VC. All the patients fell within that
norm.
The changes in spirometric parameters after training programs
are presented in Table 2. MANOVA showed a statistically signiﬁcant
effect for the three repeated VC measurements (p < 0.002). The
Bonferroni test revealed signiﬁcant differences in VC% at baseline
versus after 2 weeks (p < 0.001). The 12-week values were better
than at baseline (before any training program), but lower thanTable 2
Participant's parameters at baseline and after training programs.
Parameters Baseline After 2 wk After 12 wk
Mean ± SD Mean ± SD Mean ± SD
Body mass 68.2 ± 11.5 67.41 ± 10.82* 67.79 ± 10.85
BMI 26.80 ± 4.10 26.59 ± 4.13 26.74 ± 4.28
FEV1% 112.94 ± 18.18 116.50 ± 21.44 114.57 ± 18.02
FVC% 111.64 ± 17.76 114.58 ± 19.96 112.00 ± 16.40
VC% 103.10 ± 16.77 108.63 ± 18.50** 105.85 ± 16.49
FEV1/VC% 113.48 ± 10.53 111.60 ± 9.85 114.79 ± 7.99
BMI¼ body mass index; FEV1 ¼ forced expiratory volume in 1 second; FVC¼ forced
vital capacity; VC ¼ vital capacity.
* p ¼ 0.0459 compared with baseline.
** p ¼ 0.0135 compared with baseline.those that had been achieved after the 2-week session of intensive
training. In the case of FEV1, no statistically signiﬁcant effect was
found. The distribution of chest motion parameters differed from
normal. The post-training changes in anthropometric parameters
are presented in Table 3.
For the anthropometric parameters, MANOVA showed a statis-
tically signiﬁcant effect (p < 0.003). The Bonferroni test revealed
signiﬁcant differences in chest motion at baseline versus after 12
weeks (p < 0.05) and after 2 weeks versus after 12 weeks (p < 0.01).
No signiﬁcant changes were noted betweenmeasurements 1 and 2.4. Discussion
Our major ﬁnding is that a 2-week intensive training program
signiﬁcantly improved respiratory function capacity. This
improvement seems to result from attenuating the age-related
decline in respiratory muscle strength, since active elderly in-
dividuals have been found to have greater diaphragm thickness3
from the elimination of restrictive factors, such as limited chest
motion or obesity, and from the improvement of respiratory me-
chanics. Forced expiratory maneuvers represent a physically
demanding activity for the respiratory muscles and for the rib cage/
lung system, to which most older adults are not accustomed4.
Another ﬁnding was that continuing the program in a less intensive
form for a further 12 weeks led to a drop in the measured spiro-
metric parameters, back to baseline level. This decrease may be
ascribable to the overall form of training used (based on general
ﬁtness exercises). Thus, intensive physical training was found to be
beneﬁcial for older women, slowing down the deterioration of
some spirometric parameters (VC%, FEV1%, obstruction) and
therefore helping sustain improved quality of life.
As for the fact that we found intensive training to improve VC%
more than FEV1, we interpret this as showing that the proposed
training program and drop in bodymass led to the better utilization
of respiratory reserves (diaphragmatic breathing), hence the sig-
niﬁcant increase in VC%, whereas an increase in FEV1 demands
signiﬁcant improvement in expiratory muscles, which would
require longer training or respiratory exercises.
Several studies have analyzed the impact of different exercise
program strategies on respiratory system improvement, for
example, an increase in endurance and VO2max after 6 months of
aerobic training in people >80 years of age5, an improvement in
VO2max after a 9-month training program combining muscle
strength and endurance exercises6 and in the maximal expiratory
pressure (PEmax) and the maximal inspiratory pressure (PImax) after
Yoga respiratory training7. Our ﬁndings are comparable to a report8,
assessing changes in pulmonary function after an 8-week high-
intensity training program (4 days/wk). These authors sought to
explain the improved respiratory parameters in terms of a dietary
program triggering weight loss. Littleton9 also indicated that
weight loss improved respiratory function in slightly overweight
individuals; weight loss may improve abdominal and chest wall
excursion and thus place the diaphragm at a mechanical advantage,
facilitating deeper respiration. Our study did indeed ﬁnd a statis-
tically signiﬁcant drop in body mass after intensive training
(p < 0.05), as a result of the intensive training plus dietary program.
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Fig. 1. The Muller diagram. FEV ¼ forced expiratory volume; VC ¼ vital capacity.
Table 3
Chest motion at baseline (CM1) and after 2 weeks (CM2) and 12 weeks (CM3) of
training programs.
Baseline (CM1) After 2 wk (CM2) After 12 wk (CM3)
Chest motion [breath
in (cm)/breath out]
4 (95.4/91.4) 3.8 (88,8/85.0)* 5.4 (88.5/83.1)**
Data are expressed in cm.
* p ¼ 0.0047 compare CM2 with CM3.
** p ¼ 0.0162 compare CM3 with CM1.
Training-induced Changes in Respiratory Function 125A link between body mass and improvement in respiratory pa-
rameters is conﬁrmed by the correlation results (p < 0.05).
Surprisingly, our study observed no improvement in chest mo-
tion after the high-intensity training, yet a signiﬁcant improvement
after 12 weeks of regular physical activity. Apart from factors
related to the structure of the thoracic cage itself, chest motion may
be limited by the condition of the pleural cavities (possible adhe-
sions, age-related reduction in ﬂexibility), the condition of the lung
tissue, and motor impairment resulting from reduced respiratory
muscle strength. The increased chest motion we found after 12
weeks of regular physical activity could be the result of improved
static parameters (increased motion in thoracic cage joints, the
elimination of pleural adhesions).
In conclusion, intensive physical training is beneﬁcial for older
adults, possibly slowing down the natural progression of ageing. A
favorable mobilization of the respiratory apparatus (increased
FEV1% and VC%) occurred during the 2-week training program,
whereas the FEV1/VC ratio remained unchanged.4.1. Limitations
Our results may not be generalized to the overall older popu-
lation owing to relatively small number (only 23) of healthy par-
ticipants, and due to the fact that only females were studied.References
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